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4V-class  olivine  C-LiMni_xFexP04  (x  =  0  and  0.15)  are  synthesized  by  ultrasonic  pyrolysis  followed  by 
ball  milling  with  AB  carbon  to  evaluate  the  doping  effect  of  iron.  The  C-LiMn0.85Feo.i5P04  shows  excel¬ 
lent  rate  capability  having  discharge  capacity  of  150mAhg_1  at  0.5C-rate  and  121  mAhg-1  at  2C-rate. 
The  capacity  retention  of  the  C-LiMn0.85Feo.i5P04  is  91%  after  50  cycles  at  55  °C  whereas  C-LiMnP04 
is  limited  to  87%.  The  improved  electrochemical  performance  of  the  C-LiMn0.85Feo.i5P04  electrode  is 
attributed  to  the  enhanced  electrical  conductivity  caused  by  tighter  binding  on  the  carbon  particles  with 
the  LiMn0.85Fe0.i5PO4  primary  particles  as  well  as  by  the  surface  coating  of  carbon  on  the  primary  particles. 

Published  by  Elsevier  B.V. 


1.  Introduction 

Recently,  olivine-type  LiMP04  (M=Fe,  Mn,  Co,  and  Ni)  has  been 
extensively  studied  as  promising  cathode  materials  for  lithium- 
ion  batteries  because  the  demand  for  cheap  and  safer  batteries 
is  increased  driven  by  increased  market  for  transportation  and 
energy  storage.  Among  them,  LiFeP04  has  been  regarded  as  the 
most  promising  cathode  material  due  to  its  low  cost,  environ¬ 
mental  friendly,  and  thermal  stability  [1,2].  However,  this  material 
has  low  electrochemical  performance  caused  by  poor  electronic 
conductivity  [1].  This  disadvantage  had  been  successfully  over¬ 
come  by  reducing  the  LiFeP04  particles  to  a  nano-scale  [2-7]  and 
coating  LiFeP04  particles  surface  with  carbon  [8,9],  and  super- 
valent  cation  doping  [2].  Isostructural  LiMnP04  could  also  be 
very  promising  cathode  active  materials  due  to  its  higher  redox 
potential  (4.1V  vs.  Li/Li+)  than  that  of  LiFeP04  (3.4V  vs.  Li/Li+). 
Due  to  the  strong  bonding  characteristics  of  P043-,  the  LiMnP04 
demonstrated  an  excellent  cycle  and  thermal  stability  compared 
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to  lithium  transition  metal  oxides  of  LiCo02,  LiNio.sCoo.15Alo.05O2, 
and  LiMn204.  However,  LiMnP04  also  has  very  poor  electronic  con¬ 
ductivity  (<1 0-10  S  cm-1 )  which  is  even  lower  than  that  of  LiFeP04 
(1.8  x  10-8Scm-1),  which  leads  to  lower  capacity  and  poor  rate 
capability  [10]. 

Similar  to  LiFeP04,  several  approaches  have  been  proposed  to 
improve  electrochemical  performance  of  LiMnP04  by  (i)  preparing 
nano-sized  LiMnP04  particles  to  reduce  Li+  diffusion  length  [11-21] 
and  (ii)  either  coating  them  with  nano-layer  carbon  [11-19]  or 
(iii)  doping  nano-LiMnP04  with  cations  (Mg,  Ti,  Zr,  Fe,  and  Zn) 
[20,21]  to  enhance  the  electronic  conductivity.  Various  synthetic 
methods  based  on  above  approaches  have  been  applied  [11-21]. 
Among  those,  the  wet  synthetic  method  is  more  efficient  to  prepare 
nano-sized  LiMnP04  powders  [13-19].  Delacourt  et  al.  synthesized 
100  nm-LiMnP04  powders  by  a  direct  precipitation  method,  which 
delivered  a  discharge  capacity  of  80 mAh g-1  at  l/20C-rate  [13]. 
Drezen  et  al.  reported  that  140  nm-LiMnP04  synthesized  by  sol-gel 
method  followed  by  carbon  coating  demonstrated  a  reversible 
capacity  of  134  mAh  g-1  at  l/10C-rate  [14].  Recently,  25-30  nm- 
sized  LiMnP04  particles  synthesized  by  polyol  method  showed  a 
relatively  higher  discharge  capacity  of  140  mAh  g-1  at  l/10C-rate 
while  improved  rate  capability  compared  with  previously  reported 
results  [16].  More  recently,  we  synthesized  an  electrically  conduct¬ 
ing  carbon-LiMnP04  nanocomposite  by  ultrasonic  spray  pyrolysis 
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followed  by  ball  milling  with  carbon  [  1 9].  30  wt.%  carbon-LiMnP04 
nanocomposite  delivered  a  reversible  capacity  of  155  mAh  g-1  at 
l/10C-rate,  and  exhibited  an  excellent  rate  capability  and  good 
cycle  life.  The  improved  properties  were  ascribed  to  the  homoge¬ 
neous  coating  of  the  acetylene  black  (AB)  carbon,  which  protected 
the  C-LiMnP04  against  HF  attack,  leading  to  a  significant  reduction 
in  Mn  dissolution,  a  lower  charge-transfer  resistance,  and  a  greatly 
enhanced  electronic  conductivity.  Based  on  the  above  reports,  we 
conclude  that  the  combined  effect  of  uniform  carbon  coating  and 
nanostructuring  on  LiMnP04  is  crucial  parameters  to  determine 
electrochemical  properties. 

It  has  been  reported  that  Li[Mn!_xFex]P04  had  a  higher  rate 
capability  and  larger  reversible  capacity  than  LiMnP04  with  the 
localization  of  small  polaronic  holes  on  Mn2+  sites  [1,21-23]. 
Flowever,  it  is  important  to  minimize  the  Fe  content  in  the 
compound  since  redox  potential  of  F e2+/3+  is  only  3.4  V.  In  this 
study,  we  report  the  electrochemical  performance  of  a  nano- 
structured  C-LiMni_xFexP04  (x  =  0  and  0.15)  (hereafter  referred 
to  “C-LiMni_xFexP04”)  prepared  by  ultrasonic  spray  pyrolysis  fol¬ 
lowed  by  ball  milling  with  acetylene  black  (AB). 


2.  Experimental 

We  prepared  LiMni_xFexP04  (x  =  0  and  0.15)  powder  by  an 
ultrasonic  spray  pyrolysis  method  and  followed  by  ball  milling 
with  AB  carbon.  Stoichiometric  amounts  of  lithium  dihydrogen 
phosphate  acid  (LiFl2P04,  Sigma)  and  manganese  nitrate  tetrahy- 
drate  (Mn(N03)2-4H20,  Sigma)  and  iron  nitrate  nonahydrate 
(Fe(N03)3-9H20,  Sigma)  were  dissolved  in  distilled  water  [molar 
ratio  of  Li(P04)/Mn/Fe  =  1:1:0  and  1 :0.85:0.15].  The  dissolved  solu¬ 
tion  was  added  to  a  citric  acid  and  sucrose  aqueous  solution  (molar 
ratio  of  LiMni_xFexP04/citric  acid/sucrose  =  1:0.2:0.05).  Atomiza¬ 
tion  of  the  starting  solution  was  performed  with  an  ultrasonic 
nebulizer  having  a  resonant  frequency  of  1.7  MHz.  The  aerosol 
stream  was  introduced  into  a  vertical  quartz  reactor  heated  to 
400  °C.  The  inner  diameter  and  length  of  the  quartz  reactor  were 
50  and  1200  mm,  respectively.  The  flow  rate  of  the  air  used  as  a 
carrier  gas  was  lOLmin-1.  The  obtained  powders  were  then  heat 
treated  at  500  °C  for  1  h  in  an  air  atmosphere  (hereafter  referred  to 
as  “precursor”).  The  precursor  was  mixed  with  30  wt.%  AB  carbon. 
The  LiMni_xFexP04  and  AB  carbon  mixture  was  heated  at  500  °C 
for  1  h  in  an  Ar  gas  flow. 

Then  synthesized  material  was  characterized  by  various  meth¬ 
ods.  Powder  X-ray  diffraction  (XRD,  Rint-2000,  Rigaku,  Japan)  using 
Cu-Ka  radiation  was  employed  to  identify  the  crystalline  phase. 
Particle  morphologies  of  the  precursor  and  C-LiMni_xFexP04  pow¬ 
der  were  determined  by  scanning  electron  microscopy  (SEM,  JSM 
6400,  JEOL)  and  transmission  electron  microscopy  (TEM,  JEOL, 
2010).  The  conductivity  of  disc-shaped  pellets  for  the  synthesized 
material  was  measured  by  the  four-point  DC  method  at  25  °C.  An 
elemental  analyzer  (EA1 1 0,  CE  Instrument)  was  employed  to  deter¬ 
mine  the  amount  of  carbon  in  the  final  products.  To  measure  the 
extent  of  Mn  dissolution  into  the  electrolyte,  cells  charged  to  4.5  V 
were  carefully  disassembled,  and  the  active  materials  were  stored 
in  electrolyte  at  55  °C  for  4  weeks.  The  electrolyte  was  1  M  LiPF6 
in  a  1:1  mixture  of  ethylene  carbonate  (EC)  and  diethyl  carbonate 
(DEC).  The  amounts  of  dissolved  Mn  in  the  electrolyte  were  mea¬ 
sured  by  atomic  absorption  spectroscopy  ( Analytik  Jena  AG,  Vario 
6). 

Galvanostatic  charge/discharge  cycling  was  performed  with 
2032-type  coin  cells.  The  cathodes  were  fabricated  from  a  mix¬ 
ture  of  C-LiMn!  _xFexP04  powder  (85  wt.%),  carbon  black  (7.5  wt.%), 
and  polyvinylidene  fluoride  (PVDF)  (7.5  wt.%)  in  N-methyl-2- 
pyrrolidone.  The  slurry  was  then  cast  on  aluminum  foil  and  dried 
at  1 1 0  °C  overnight  under  vacuum.  Lithium  foil  (Cyprus  Foote  Min¬ 


eral  Co.)  was  used  as  the  anode.  The  electrolyte  solution  used  was 
1  M  LiPF6  in  an  EC  and  DEC  mixture  in  a  1 :1  volume  ratio  (PANAX 
ETEC  Co.,  Korea).  The  cells  were  cycled  in  a  constant  current- 
constant  voltage  mode  at  a  1  /20C-rate  to  4.5  V,  held  at  4.5  V  until 
l/100C-rate,  and  then  discharged  to  2.7  V  at  a  specific  rate  (where 
lC=170mAhg-1). 

3.  Results  and  discussion 

Fig.  1  shows  the  XRD  patterns  of  C-LiMni_xFexP04  powders 
(x  =  0  and  0.15).  The  two  samples  are  pure  olivine-type  LiMnP04 
with  Pnmb  space  group.  Carbon  was  detected  as  impurity  phase. 
The  diffraction  peaks  of  C-LiMn0.85Fe0.i5PO4  slightly  shifted  to 
higher  degree  due  to  addition  of  iron  [24].  Lattice  parameters  cal¬ 
culated  by  the  least  square  method  are  represented  in  Table  1, 
showing  that  the  unit  cell  was  slightly  compressed  by  the  Fe  dop¬ 
ing.  The  reduction  in  the  unit  cell  volume  likely  stemmed  from  the 
difference  in  the  ionic  radii  since  ionic  radius  of  Fe2+  (0.92  A)  is 
smaller  than  that  of  Mn2+  (0.97  A)  [25]. 

Fig.  2  presents  SEM  images  of  the  C-LiMni_xFexP04  pow¬ 
ders  (x  =  0  and  0.15).  The  images  show  that  both  pow¬ 
ders  were  composed  of  agglomerated  nanoparticles;  however, 
C-LiMn0.85Fe0.i5PO4  has  a  rough  surface  texture  compared  to 
C-LiMnP04.  The  SEM  image  in  Fig.  2  suggests  that  the  iron  dop¬ 
ing  has  visibly  altered  the  powder  morphology  of  C-LiMnP04.  To 
verify  the  morphological  difference,  TEM  analysis  was  carried  on 
the  two  samples. 

A  TEM  image  in  Fig.  3(a)  shows  carbon  particles  uniformly  dis¬ 
tributed  among  primary  LiMnP04  particles  whose  size  ranged  from 
20  nm  to  200  nm.  A  magnified  image  of  C-LiMnP04  in  Fig.  3(b) 
indicates  the  primary  particles  have  well-defined  polygonal  shapes 
with  smooth  edges  which  agree  with  the  SEM  image  in  Fig.  2(a). 
Meanwhile,  the  C-LiMn0.85Feo.i5P04  powders  had  morphology 
clearly  different  from  the  undoped  sample.  As  can  be  seen  from 
Fig.  3(c),  the  primary  particles  have  irregular  shapes  with  relatively 
larger  size  compared  to  LiMnP04.  Moreover,  the  primary  particles 
are  in  intimate  contact  with  the  carbon  particles  such  that  the  car¬ 
bon  particles  formed  an  entangled  network  among  the  primary 
particles.  A  high-resolution  TEM  image  of  C-LiMn0.85Fe0.i5PO4  in 


Table  1 

Lattice  parameters  of  C-LiMni_xFexP04  (x  =  0  and  0.15)  powders. 


a  (A) 

b(  A) 

c(A) 

V(A 3) 

LiMnP04 

10.4628 

6.1054 

4.7453 

303.128 

LiMno.85  Fco.i  5  P04 

10.3787 

6.0765 

4.7125 

297.199 
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Fig.  2.  SEM  images  of  C-LiMni_xFexP04  powders:  (a)  x  =  0  and  (b)  x  =  0.15. 


Fig.  3(d)  shows  carbon  lattice  fringes  growing  on  the  surface  of 
a  C-LiMn0.85Feo.i5P04  particle  which  was  not  observed  on  the 
C-LiMnP04  powder.  As  iron  is  often  employed  as  a  catalyst  for 
growing  carbon  nanotubes  and  other  carbon-based  nanostructures 
[26],  it  is  plausible  that  the  iron  doping  increased  the  chemical  affin¬ 
ity  of  LiMnP04  for  carbon  so  that  some  of  the  carbonaceous  material 
was  able  to  grow  on  the  particle  surface.  Also,  it  can  be  conjectured 
that  the  iron  likely  has  a  higher  chemical  affinity  for  carbon  as  iron 
produces  more  stable  carbides  compared  to  manganese  (inferred 
from  the  melting  point  of  the  respective  carbides  [27]).  Comparing 
the  TEM  images  in  Fig.  3(a)  and  (c),  C-LiMn0.85Fe0.i5PO4  appears 
to  have  carbon  particles  tightly  surrounding  the  primary  parti¬ 
cles  compared  to  the  C-LiMnP04  powder,  which  should  improve 


the  electrical  conductivity  of  the  C-LiMn0.85Fe0.i5PO4  powders.  In 
addition,  the  surface  roughness  of  the  C-LiMn0.85Fe0.i5PO4  pri¬ 
mary  particles  should  provide  an  increased  pore  volume  when 
compacted,  compared  to  C-LiMnP04  which  is  shown  in  Table  2. 
These  morphological  features  should  expedite  the  Li-ion  transport 
through  the  Fe-doped  electrode.  The  TEM  analysis  clearly  identified 
the  morphological  change  brought  by  the  Fe  doping,  which  should 
enhance  the  electrochemical  properties  of  the  C-LiMn0.85Fe0.i5PO4 
electrode. 

Fig.  4(a)  presents  the  first  charge-discharge  curves  of  the 
Li/C-LiMni_xFe*P04  cells  (x  =  0  and  0.15).  The  cells  were  charged 
to  4.5  V  in  a  constant  current-constant  voltage  mode  at  a 
l/20C-rate,  held  until  l/100C-rate,  and  discharged  to  2.7  V  at 


Fig.  3.  TEM  images  of  (a)  C-LiMnP04  powder,  (b)  magnified  image  of  (a),  (c)  C-LiMn0.85Feo.i5P04  powder,  and  (d)  high-resolution  image  of  LiMn0.85Feo.i5P04  powder  with 
arrows  indicating  the  surface-grown  carbon  material. 
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Conductivity 

Pore  volume 

Mn 

(Scm-1) 

(cm3  g-1) 

dissolution 

(ppm)a 

LiMnP04 

4.3  x  10-1 

2.014  xlO-1 

103.7 

LiMno.85  Feo.i  5  P04 

7.4  x  IQ”1 

2.761  x  10-1 

87.2 

a  Mn  dissolution  for  the  electrolyte  was  carried  out  in  the  fully  charged  state  of 
4.5  V  after  4  weeks  at  55  ° C  ( 1  M  LiPF6  in  EC: DEC  =  1 : 1 ). 


a  constant  current  of  l/20C-rate  (8.5  mAh  g-1)  at  25  °C.  The 
C-LiMnP04  electrode  exhibited  a  reversible  plateau  around  4.1  V 
vs.  Li/Li+,  corresponding  to  the  redox  couple  of  Mn3+/Mn2+  whereas 
C-LiMn0.85Feo.i5P04  electrode  shows  two  plateaus  at  4.1  V  and 
3.5  V  related  to  the  Mn3+/Mn2+  and  the  Fe2+/Fe3+  redox  couples.  The 
C-LiMn0.85Fe0.i5PO4  electrode  delivered  a  slightly  higher  discharge 
capacity  of  1 63  mAh  g-1  than  C-LiMnP04  electrode  ( 1 58  mAh  g-1 ). 
In  order  to  exactly  locate  the  redox  voltages  during  the  first  cycle, 
the  1st  charge  and  discharge  curves  were  differentiated  and  the 
result  is  shown  in  Fig.  4(b).  Li/C-LiMnP04  cell  has  one  pair  of  peaks, 
corresponding  to  the  charge/discharge  reaction  of  the  Mn2+/Mn3+ 
(charge:  4.18V;  discharge:  4.03  V)  redox  couple  with  polariza¬ 
tion  potential  of  0.15  V.  On  the  other  hand,  Li/C-LiMn0.85Feo.i5P04 
cell  has  two  pairs  of  peaks,  related  to  the  charge/discharge 
reaction  of  the  Fe2+/Fe3+  (charge:  3.57  V;  discharge:  3.53  V)  and 
Mn2+/Mn3+  (charge:  4.13  V;  discharge:  4.07  V)  redox  couples  with 
polarization  potential  of  0.06  V  for  the  Mn  plateau.  The  reduced 
polarization  potential  for  the  Mn2+/Mn3+  redox  couple  of  the 
Li/C-LiMn0.85Feo.i5P04  cell  suggests  that  the  Mn2+/Mn3+  redox 
resistance  was  decreased  by  the  Fe  doping.  To  verify  the  result, 


Fig.  4.  (a)  1st  charge/discharge  curves  of  Li/C-LiMn1_xFexP04  (x  =  0  and  0.15)  cells 
charged  with  at  a  constant  current/20C-rate  to  4.5  V,  held  at  4.5  V  until  1  /I OOC-rate, 
and  discharged  with  at  a  constant  current  1  /20C-rate  to  2.7  V  and  (b)  corresponding 
dQ/dVcurves. 


Fig.  5.  Rate  capability  of  Li/C-LiMni_xFexP04  (x  =  0  and  0.15)  cells  between  2.7  V 
and  4.5  V.  The  cell  was  charged  with  a  constant  current  of  l/20C-rate  to  4.5  V  and 
kept  at  4.5  V  until  1  /I  OOC-rate. 


electronic  conductivity  of  the  electrodes  with  a  four-point  probe 
and  pore  volume  with  N2  adsorption  were  measured.  The  results 
are  summarized  in  Table  2.  As  conjectured  from  the  TEM  anal¬ 
ysis,  the  electronic  conductivity  of  C-LiMn0.85Feo.i5P04  powders 
nearly  doubled  by  the  Fe  doping.  In  the  case  of  the  pore  vol¬ 
ume,  the  pore  volume  of  C-LiMn0.85Fe0.i5PO4  was  also  larger  than 
that  of  C-LiMnP04.  The  large  pore  volume  should  be  beneficial 
for  C-LiMn0.85Fe0.i5PO4  as  the  increased  pore  volume  contributes 
to  penetration  of  electrolytes  which  increase  the  electrochemical 
properties  of  C-LiMn0.85Feo.i5P04  [28].  The  morphological  superi¬ 
ority  and  carbon  coating  layer  on  surface  of  C-LiMn0.85Feo.i5P04 
particles  observed  in  the  TEM  analysis  was  clearly  manifested  in 
the  electronic  conductivity  and  pore  volume  measurements  which 
resulted  in  the  overall  improvement  of  the  C-LiMn0.85Feo.i5P04 
electrode. 

Rate  capability  for  the  Li/C-LiMni_xFexP04  (x  =  0  and  0.15) 
cells  is  shown  in  Fig.  5.  The  cells  were  discharged  at  an  increas¬ 
ingly  higher  current  starting  from  1/20  to  lOC-rate  at  25  °C. 
Before  discharge,  each  cell  was  charged  with  a  constant  cur¬ 
rent  of  l/20C-rate  to  4.5  V  and  kept  at  4.5  V  until  1/1  OOC-rate. 
As  expected,  the  C-LiMn0.85Feo.i5P04  electrode  showed  better 
rate  capability  than  the  C-LiMnP04  electrode.  For  example,  the 
C-LiMn0.85Fe0.i5PO4  delivered  a  discharge  capacity  of  121  mAhg-1 
at  2C-rate,  showing  the  capacity  retention  of  74%  compared  with 
that  of  0.05C-rate,  whereas  the  C-LiMnP04  reached  107mAhg_1 
having  capacity  retention  of  67%.  The  improved  rate  capability  of 
the  C-LiMn0.85Fe0.i5PO4  is  likely  due  to  the  higher  electrical  con¬ 
ductivity  and  larger  pore  volume  of  the  C-LiMn0.85Fe0.i5PO4  as 
demonstrated  in  Table  2. 

Fig.  6  shows  discharge  capacity  of  Li/C-LiMn1_xFexP04  (x  =  0  and 
0.15)  cells  over  50  cycles  at  25  °C  and  55  °C.  Testing  was  done  at 
0.5C-rate  between  2.7  V  and  4.5  V.  The  two  electrodes  showed  very 
stable  cycling  performance  of  94%  after  50  cycles  at  25  °C  though  the 
C-LiMn0.85Feo.i5P04  had  a  higher  discharge  capacity  (1 51  mAh  g-1 ) 
than  C-LiMnP04  (137mAhg_1).  Flowever,  the  capacity  retention 
of  C-LiMnP04  at  55  °C  dropped  to  87%  at  the  same  cycling  period 
while  the  C-LiMn0.85Fe0.i5PO4  exhibited  enhanced  capacity  reten¬ 
tion  of  91%.  Similar  to  previous  results  with  spinel  LiMn204  [29], 
we  speculate  that  Mn  dissolution  into  electrolyte  is  directly  related 
to  capacity  fade  shown  in  Fig.  6(b).  Thus,  the  concentration  of 
dissolved  Mn  in  the  ethylene  carbonate  (EC)/diethyl  carbonate 
(DEC)  electrolyte  was  measured  by  AAS  and  the  result  was  shown 
in  Table  2.  It  was  observed  that  a  smaller  amount  of  Mn  was 
dissolved  for  the  C-LiMn0.85Feo.i5P04.  The  dissolved  amount  of 
Mn  for  the  C-LiMnP04  was  approximately  104  ppm  while  the 
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Fig.  6.  Discharge  capacity  versus  number  of  cycle  for  Li/C-LiMni_xFexP04  (x  =  0  and 
0.1 5)  cells  at  0.5C-rate  (a)  cycled  at  25  °C  and  (b)  cycled  at  55  °C.  The  cell  was  charged 
with  a  constant  current  of  l/20C-rate  to  4.5  V  and  kept  at  4.5  V  until  l/100C-rate. 


C-LiMno.85Feo.i5P04  exhibited  reduced  Mn  dissolution  in  the  elec¬ 
trolyte,  having  a  concentration  of  about  87  ppm.  The  Mn  dissolution 
test  result  is  well  in  accordance  with  TEM  result  and  electrochemi¬ 
cal  performance.  Hence,  we  believe  that  the  uniform  carbon  coating 
on  the  C-LiMn0.85Feo.i5P04  protects  the  particle  surface  from  HF 
attack  and  thus  reduced  Mn  dissolution,  which  improved  the  elec¬ 
trochemical  performance. 

4.  Conclusions 

Nano-structured  C-LiMni_xFexP04  (x  =  0  and  0.15)  nanocom¬ 
posite  were  synthesized  by  ultrasonic  pyrolysis  followed  by  ball 
milling  with  carbon,  and  the  electrochemical  performance  was 
studied.  Analysis  by  SEM  and  TEM  exhibited  the  homogeneous 
dispersion  of  AB  carbon  coating  over  the  LiMn0.85Fe0.i5PO4  par¬ 
ticle.  The  C-LiMn0.85Feo.i5P04  delivered  a  discharge  capacity  of 
121mAhg_1  at  2C-rate,  whereas  the  C-LiMnP04  reached  only 


107  mAh g-1.  The  capacity  retention  of  the  C-LiMn0.85Fe0.i5PO4 
after  50  cycles  at  55  °C  was  91%  while  that  of  the  C-LiMnP04  was 
87%  compared  with  the  initial  discharge  capacity.  These  improved 
electrochemical  properties  were  ascribed  to  the  coating  effect  of  AB 
carbon  which  was  thought  to  exert  its  positive  effect  by  improving 
electronic  conductivity  and  suppressing  Mn  dissolution  from  the 
C-LiMno.85  Feo.i  5  P04. 
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